The objective of the present study was to compare the effects of isotretinoin 9-cis (RA9-cis) as a post-surgery treatment of thyroid carcinoma to a traditional treatment (doxorubicin) and no treatment. Owners who did not want their dogs to receive treatment were placed into the control group A (GA; n=10). The remaining dogs were randomly placed into either group B (GB; n=12) and received doxorubicin at a dose of 30 mg/m 2 every three weeks, for six complete cycles or group C (GC; n=15) and treated with RA9-cis at a dose of 2 mg/kg/day for 6 months. The time of the recurrence was significantly shorter in the GA and GB compared to GC (P=0.0007; P=0.0015 respectively), while we did not detect differences between GA and GB. The hazard ratio of recurrence between GA and GB compared to GC were 7.25 and 5.60 times shorter, respectively. We did not detect any differences between the other groups. The risk ratio of recurrence was 2.0 times higher in GA compared to GC and 2.1 times higher in GB compared to GC. The type of carcinoma had an effect on time of survival with follicular carcinomas having an increased mean survival time than follicular-compact carcinomas (P<0.0001) and follicular-compact carcinomas had a longer mean survival time than compact carcinomas. The interaction among treatment and type was significant, but survival time in follicular carcinomas did not differ between treatments. In follicular-compact carcinomas the survival time of GC was greater than GB (P<0.05), but we did not detect a difference between GA and GB. In conclusion, this study shows that the use of surgery in combination with RA9-cis treatment significantly increases survival rate and decreases the time to tumor recurrence when compared to doxorubicin treated or untreated dogs. The histological type of carcinoma interacted with treatment for time to recurrence and survival time, with more undifferentiated carcinomas having a worse prognosis than differentiated carcinomas.
Introduction
The vast majority (90%) of thyroid tumours in dogs are thyroid carcinomas (TC), which is a frequent endocrine cancer in dogs (Barber, 2007) . Thyroid carcinomas are classified according to their histological features and origin as: a) follicular thyroid carcinoma (FTC, arises from follicular cells); b) medullary thyroid carcinoma; and c) anaplastic (Kiupel et al., 2008; Meissner and Warren, 1969; Wucherer and Wilke, 2010) . Follicular thyroid carcinomas are further divided into well differentiated (dFTC) follicular, dFTC follicular compact, dFTC compact, dFTC papillary, poorly differentiated, undifferentiated, or carcinosarcoma. Follicular thyroid carcinoma is the most frequently diagnosed histological variants with follicular-compact and compact the most common forms (Campos et al., 2014; Mitchell and Tjian 1989; Klein et al., 1995; Worth et al., 2005) . The histological origin of dFTC tumours will influence its progression, local invasion, tumour recurrence after surgery, and median survival time (Haugen, 1999) . However, the dFTC functional characteristics (iodine uptake, thyroid hormones synthesis) vary by histological origin (Verschueren et al., 1991) . The median survival time for dogs with untreated thyroid carcinoma is only three months (Worth et al., 2005) , but in freely movable non-metastatic thyroid tumours, the median survival time with surgery alone has been reported to be from 7-8 months (Page, 2001; Morris and Dobson, 2002) to over 36 months (Klein et al., 1995) . Campos et al. (2014) report that macro-or microscopic evidence of vascular invasion is a negative predictor of disease free-survival time in dogs after surgically excised TC. In humans it is well known that therapeutic options for TC and prognosis after treatment will depend on the type of tumour, its iodine uptake, the vascular endothelial growth factor, and Ki-67 expression (Capp et al., 2010; Coelho et al., 2011; Klein et al., 2000; Soh et al., 1997; Tallini et al., 1999) ; although, no similar studies have been conducted in dogs except for one study examining Ki-67 labeling, which was associated with local invasiveness (Campos et al., 2014) . Regarding TC treatment in dogs, particularly dFCT, the first and main therapeutic procedure is surgical removal of the tumour, if removal is feasible. For dFTC removal, whether or not there is invasion of adjacent tissues must be taken into account. Recurrence of the tumour after surgery is dependent on the histological subtype of the tumour. The worst prognosis is seen with the follicular-compact or compact thyroid carcinoma (Klein et al., 1995; Radinsky, 2007) . After surgery 131 I therapy is recommended to eliminate remnant cancer tissue, but only if the tumour shows 99m Tc uptake. Radiation is not effective when 99m Tc uptake does not occur because poor uptake only occurs in poorly differentiated tumours or undifferentiated tumours (Worth et al., 2005; Turrel et al., 2006) . In dFCT cases, radiation therapy has been associated with a median survival time of 28 months (Verschueren et al., 1991; Turrel et al., 2006) . Despite the apparent success of surgery and radiation in the management of localized TC, up to 80% of canine patients have recurrences of TC or develop metastases during the course of their disease (Patnaik and Lieberman, 1991; Carver et al., 1995; DeLellis, 2004; Kiupel et al., 2008; Sipos et al., 2008; Wucherer et al., 2010) . The limitation of radiotherapy is its high costs, the need of an appropriate infrastructure, and the legal regulations in each country. The use of chemotherapy for non-surgical TC or metastasis has had limited results. Doxorubicin has been the most frequently used drug, but it is only affective on differentiated TC tumours (Jeglum and Whereat, 1983; Ogilvie et al., 1989) . Studies using cisplatine and nevirapine have reported similar results (Fineman et al., 1998; Muscella et al., 2009; Dong et al., 2013) . On the other hand, chemotherapy after thyroidectomy has been reported to not provide a survival benefit (Nadeu et al., 2011; Tuohy et al., 2012) . Haugen et al. (2014) showed that thyroid tumours express both retinoic X receptor (RXR) and retinoic acid receptors (RAR) and their different isoforms. These authors also reported that the 9-cis form of retinoic acid (isotretinoin 9-cis, RA9-cis) inhibits thyroid tumour growth, but this action depends on the expression of the RXR or RAR isofroms. The results obtained in thyroid cell lines and few clinical studies in humans on RA9-cis treatment are promising (Coelho et al., 2011 Simon et al., 2002 Short et al., 2004; Trojanowicz et al., 2010) ; however, no reports of RA9-cis treatment on TCs in dogs are available. The effect of RA9-cis was also studied on cultured corticotroph cell tumour in dogs and in humans with Cushing's disease (Castillo et al., 2006; Labeur et al., 2009; Paez-Pereda et al., 2001; Pecori et al., 2012) . These studies showed a reduction of the tumour growth, a reduction in the tumour size, and a reduction of the clinical signs and biochemical markers. The objective of the present study was to compare the effects of RA9-cis as a novel post-surgery treatment of TC in dogs with the traditional treatment (doxorubicin), and a non-treatment control group. We compared treatment methods by analysing the time of recurrence of the tumour and survival time of the patient after treatment, while taking into account the TC histopathology.
Materials and Methods

Animals and treatments
This study was conducted at the School Hospital of Veterinary Medicine, Faculty of Veterinary Sciences, University of Buenos Aires, Argentina. All procedures were conducted in accordance with the regulations of the Animal Experimentation Committee (Faculty of Veterinary Sciences, University of Buenos Aires, Argentina). All dog owners gave their signed consent for the participation of their animals in this study. All dogs included in the present study were diagnosed with unilateral TC (one lobe affected) without evidence of metastases according to physical examination. The physical examination was done using ultrasonography with Doppler (vascularisation into the tumour is highly suspect of malignancy), scintigraphy in gamma camera with 99m Tc (full body scan), and scan computed tomography of neck, thorax and abdomen (Fig. 1) . According to the radiotracer concentration (uptake) in the gammagraphy study, (Verschueren et al., 1991) tumours were classified as hot (high uptake compared to the contralateral lobe and the salivary glands that are inhibited), cold (low uptake with respect to the contralateral lobe and salivary glands, with normal uptake), or normal-uptake (both thyroid lobes uptake and the salivary glands uptake are equals). Dogs that presented any lymph node affected with local invasion or distal metastasis were excluded from the experiment.
Histological procedures and thyroid tumour classification
The thyroid tumour was surgically removed, fixed in formalin, paraffin-embedded, and stained with hematoxylin and eosin (HE). All HE-stained slides were reviewed by a two pathologist who were blinded to clinical reports. Thus, tumours were classified according to their histological characteristics in adenomas or carcinomas and their subtypes (Kiupel et al., 2008; Wucherer and Wilke 2010) . The distinction between adenoma and carcinoma was based on histological evidence of capsular invasion, vascular invasion, or metastases. Tumour staging was performed as described previously (Owen, 1980) . All dogs included in the study had tumour staging S-II-T2 a/b -No-Mo (size between 2-5 cm, freely movable or fixed, no lymph node involvement, no evidence of distant metastases, or local invasion). In the present study, we only used dFTC follicular, follicular-compact, and compact tumours. This was done to analyse tumour recurrence, survival time, and their interaction with the treatments (Fig. 2) . The other types were excluded by their low presentation in dogs (papillary, one case) or aggressive biological behaviour (anaplasic or poorly differentiated, one of each).
Thyroid hormones evaluation At the moment of TC diagnosis, canine TSH and canine specific free thyroxine (fT4) were determined to evaluate the thyroid status. We measured canine TSH and fT4 using a chemiluminescent immunometric assay Immulite/ Immulite 1000 Canine TSH and Immulite/Immulite 1000 fT4; Siemens Healthcare Diagnostics Products Ltd., Llanberis, Gwynedd, LL55 4EL, UK) according to manufacturer's instructions. A dog was considered to be hypothyroid when TSH was elevated (≥0.4 ng/mL) with fT4 levels within the reference range (0.6-2.5 ng/dL, subclinic hypothyroidism) or below 0.6 ng/dL (clinic hypothyroidism) as previously described (Borretti et al., 2006; Castillo et al., 2001; Ferm et al., 2009) . A dog was considered to be hyperthyroid when fT4 was above 2.5 ng/dL with TSH less than 0.06 ng/mL or undetectable by the assay (<0.03 ng/mL). Both hormones were evaluated before the thyroid lobule was removed and at 90 days and 360 days post-removal. Groups performed Dogs that did not receive any treatment, because of the owner's decision, were placed in a control group (group A [GA]). The rest of the dogs were randomly placed into two groups. Dogs placed in group B (GB) were treated with doxorubicin (dose 30 mg/m 2 every three weeks, six complete cycles) and dogs placed in group C were treated with RA9-cis (dose 2 mg/kg/day as enteric capsules according to the body weight of the dog for six months, as previously described (Castillo et al., 2006) . The GA (n=10) included six females and four males with a median age of 7.5 (range 5-10) years; five dogs were mixed breeds and the remaining breeds consisted of: one Golden Retriever: one Labrador: one Rottweiler: one Beagle; and one Doberman. Tumours were freely movable in four dogs (S-II, T2a, No, Mo) and fixed in the six other dogs (S-II, T2b, No, Mo). The GB (n=12) included six females and six males with a median (range) age of 8.5 (4-11) years; five dogs were mixed breeds and the remaining breeds consisted of: two Beagles; one Dachshund; one Poodle; one Pekinese; one Boxer; and one Labrador. In five dogs tumours were freely movable (S-II, T2a, No, Mo) and tumours were fixed in seven dogs (S-II, T2b, No, Mo). has hot uptake and the left lobe (LL) has cold uptake; a follicular-compact carcinoma in an euthyroid dog (D) with normal uptake in both thyroid lobes, if well the size of the RL is bigger than the LL; compact carcinoma in a hypothyroid dog (E) where RL is cold (very low uptake); Add the tumour type and thyroid condition. 
Results
Thyroid status
Before thyroid lobectomy, 32.4% (12/37) of dogs were hypothyroid. Five of these dogs had follicularcompact tumours and the remaining seven dogs had compact carcinomas. We detected hyperthyroidism in 10.8% (4/37) of dogs with follicular carcinoma well differentiated. The remaining 56.8% (21/37) of cases were euthyroid. Eight of these dogs had histological type follicular tumours, 12 had follicular-compact tumours and one had a compact carcinoma (Table 1) . Thyroid status by group was: GA 3/10 (30%) hypothyroid; 2/10 (20%) hyperthyroid; 5/10 (50%) euthyroid; GB 4/12 (33.3%) hypothyroid; 1/12 (8.3%) hyperthyroid; 7/12 (58.3%) euthyroid, and GC 5/15 (33.3%) hypothyroid; 1/15 (6.7%) hyperthyroid; 9/15 (60%) euthyroid (Fig. 3) . After we removed the carcinomatous thyroid lobe from dogs with hyperthyroidism, both TSH and fT4 returned to their references range for the remainder of the study. We did not detect a change in TSH and fT4 was show in euthyroid dogs at 90 and 180 days (data no show).
Regardless of tumour type, thyroid carcinoma in dogs with hypothyroidism had low 99m Tc uptake (cold). Conversely, follicular tumours in dogs with hyperthyroidism 99m Tc uptake was enhanced (hot). In the euthyroid dogs with follicular-compact or compact tumours, the uptake of 99m Tc were similar in both lobes (Fig. 1 ). There were not differences between freely movable or fixed tumour with respect to the 99m Tc uptake or thyroid status.
Recurrence and survival time
The time of the recurrence was significantly shorter in GA and GB compared to GC (P=0.0007 and P=0.0015 respectively; Fig. 4) . The median time for tumour recurrence for 50% of GA and GB groups was 195 days (95% CI: 180-390) and 225 days (95% CI: 210-420), respectively. In contrast only 13.3% of GC presented recurrence after 360 days. At the end of the experiment, recurrence was detected in 80%, 83.3% and 40% of the GA, GB, and GC, respectively. The HRs of tumour recurrence were 7.25 (95% CI: 2.2-24.4) times shorter in GA compared to GC and 5.6 (95% CI: 1.8-17.4) times shorter in GB compared to GC. We did not http: //www.openveterinaryjournal.com V. Castillo et al. Open Veterinary Journal, (2016), Vol. 6(1): 6-14 detected any difference in the HR between GA and GB (HR 1.37; 95% CI: 0.5-3.7). The RR of recurrence was 2.0 times (95% CI: 1.2-4.3, P=0.017) higher in GA when compared to the GC and 2.1 times (95% CI: 1.07-4.07, P<0.05) higher in GA compared to GC. We did not detect any differences between GA and GB (RR 1.08; 95% CI: 0.78-1.5).
We also detected an increased survival time for GC compared to GA and GB (Fig. 5 ), but no difference between GA and GB. Median survival time was 220 days (95% CI: 180-450) for GA and 390 days (95% CI: 240-540) for GB. Because of the increased survival in GC, we were unable to obtain an accurate mean survival time for this group. At the end of the experiment, 20% of the dogs in GA, 33.3% of the dogs in GB, and 80% of the dogs in GC survived. The HR was 7.8 (95% CI: 2.0-29.7) between GA and GB, 5.5 (95% CI: 1.5-19.6) between GB and GC, and 1.6 (95% CI: 0.5-4.4) between GA and GB. Interaction: type of carcinoma, treatment, recurrence and survival time The type of carcinoma affected time of recurrence. Follicular carcinomas had a greater length of time to recurrence than follicular-compact (503±15 vs. 289±13 days, P<0.0001). Follicular compact tumours had a greater length of time to recurrence than compact carcinomas (215±21 days, P<0.0001). Treatment affected recurrence time as GC had greater time of recurrence than the GB and GA (462±15 vs. 277±17 and 268±18 days, P<0.0001), while the recurrence time of the latter two groups did not differ. The interaction between treatment and type of carcinoma was significant (P<0.001). We did not detect differences between treatments in follicular carcinomas, but GC had a greater time of recurrence than GB and GA in both follicularcompact and compact carcinomas ( Fig. 6A and B) . In GC the time to recurrence in follicular compact carcinomas was similar to follicular carcinomas, but time to recurrence in compact carcinomas was lower to the other two types (P<0.05).Freely movable (T2a) or fixed tumours (T2b) did not show significant differences with respect to the recurrences or survival time. Discussion This trail shows a novel post-surgery treatment for thyroid carcinoma in dogs. We showed that dogs treated withRA9-cis had increased survival and lower risk of Fig. 4 . Kaplan-Meier recurrence curves of thyroid tumour after surgery according to control (GA), doxorubicin (GB) and isotretinoin 9-cis (GC). Median recurrence time after surgery: GA: 195 days; GB: 225 days; GC: 360 days. ***P=0.0007 vs GC; **P=0.002 vs GC (Long-rank test). Fig. 5 . Kaplan-Meier survival curves of dogs with thyroid tumour after surgery according to control (GA), doxorubicin (GB) and isotretinoin 9-cis (GC). Median survival time after surgery: GA: 220 days; GB: 390 days. In GC only 3/15 dogs had died at the end of the study (540 days). ***P=0.0004 vs GC; **P=0.006 vs GC (Long-rank test). /www.openveterinaryjournal.com V. Castillo et al. Open Veterinary Journal, (2016), Vol. 6(1): 6-14 tumour recurrence compared to dogs that received the traditional treatment (doxorubicin) or no treatment. We also showed that the treatment effect on recurrence and survival time depended on the clinical and histological type of carcinoma.This result is supported by several previous studies (Campos et al., 2014 , Capp et al., 2010 Coelho et al., 2011) . Follicular-compact and compact carcinomas were detected more frequently than follicular carcinomas in our study, which is in agreement with previous research (Owen, 1980; Leav et al., 1976; Théon et al., 2000) . Euthyroidism status was the main feature related with the follicular-compact carcinoma, whereas hypothyroidism is associated with the compact subtype and hyperthyroidism with follicular carcinoma. As expected, all hypothyroid patients had a low uptake of 99m Tc, whereas in hyperthyroid patients that uptake was higher. There are few reports regarding the relation among thyroid carcinoma functionality and/or TC histopathology. Regarding the functional characteristics, Verschueren et al. (1991) reported that the greater the undifferentiated thyroid carcinoma profile, the less binding sites for TSH and 99m Tc uptake were found. Similarly, a greater expression of thyroglobulin and TSH-R was found in follicular cells within the carcinoma tissue where the remaining thyroid follicle architecture was found. This suggests that the functionality is associated to the degree of differentiation of the tumour (Pessina et al., 2014) . In this study we showed that time to recurrence and survival time is affected by the histopathological subtype of the thyroid tumour (follicular, follicularcompact and compact carcinomas). Worth et al. (2005) and Théon et al. (2000) reported that without surgery, removal, and subsequent medical treatment of TC the median survival time is three months. Although the use of chemotherapy in dogs is controversial, it improves the prognosis in non-surgical thyroid carcinoma or metastasis (Jeglum and Whereat, 1983; Ogilvie et al., 1989) , but in dogs with TC treated with surgery and chemotherapy, the median survival time was not different from dogs treated with surgery alone (Nadeau and Kitchell, 2011 ). Since we did not detect a difference between GA and GB, the results from our study support these previous results. Retinoic acid regulates tumour suppressor genes; therefore, it can inhibit tumour growth (Connolly et al., 2013) . Retonic acid has been used successfully for the treatment of hematological cancers (acute promyelocytic leukemia), as well as a therapy and chemoprevention of solid cancers (Hansen et al., 2000; Lengfelder et al., 2005) . Although there are few studies, the results of RA9-cis treatment on TC in humans are promising (Short et al., 2004; Simon et al., 2002; Trojanowicz et al., 2010) . In tumour cells culture lines and human TC, retinoic acid acts as anti-proliferative and redifferentiation agent of this disease (Coelho et al., 2005; Coelho et al., 2011; Oh et al., 2011; Trojanowicz et al., 2009) . Although there has been investigated in vitro models for different tumours in dogs (de Mello Souza et al., 2010; Miyajima et al., 2006; Ohashi et al., 2006) , there is only one report of using RA9-cis to treat Cushing's disease in dogs (Castillo et al., 2006) . Our results clearly show that tumour recurrence is lower and survival time is longer in dogs treated with RA9-cis after surgery compared with dogs that were treated with doxorubicin. Retinoic acid was shown to be less effective in dogs with compact carcinoma. These dogs had faster tumour recurrence and shorter survival time than those with other subtypes of dFTC. The reason for this difference is attributable to compact tumours being less differentiated than the other tumour types. Therefore, they have a more aggressive behavior and are more prone recurrence (Campos et al., 2014) . However, in dogs with the same tumour type, RA9-cis improved the time to recurrence than in those that were treated with doxorubicin and those that did not receive treatment post-surgery. Although this data is preliminary due to the low number of cases, the results of treatment with RA9-cis are promising in TC patients, mainly in those with follicular or follicular-carcinoma. Moreover, it should be noted that we did not detect any adverse effects (hepatotoxicity) related to RA9-cis treatment. This was also observed in one previous study (Ortemberg et al., 2007) , and suggests that the drug is not only effective but also safe. The most interesting finding of this study was the post-surgical survival rate of dogs treated with RA9-cis and the interaction with the type of cancer. While in doxorubicin and control dogs, time to recurrence and survival time were shorter in follicular-compact carcinomas than in follicular carcinomas. In RA9-cis treated dogs we did not detect any differences between these two types of carcinomas. A similar profile was found in the comparison of follicular-compact and compact carcinomas; although, compact carcinomas presented a lower time of recurrence and survival time in RA9-cis treated dogs. The therapy response with RA9-cis in both follicular-compact and compact carcinomas (e.g. more undifferentiated cells when compared with follicular carcinomas) are consistent with the function of the retinoic receptors. Therapy with RA for thyroid cancer requires intact receptor pathways in the thyroid tumour tissues and the expression of certain isoforms mainly RARβ and RXRγ (Haguen et al., 2004; Simon et al., 2002) . We have recently shown (Pessina: personal communication) , that follicular cells of both follicularcompact and compact carcinomas expressed RARα and RXR in similar magnitude as healthy thyroid glands.
In conclusion, this study shows that the use of surgery in combination with RA9-cis treatment significantly increase survival rate and time to tumour recurrence http: //www.openveterinaryjournal.com V. Castillo et al. Open Veterinary Journal, (2016) , Vol. 6(1): 6-14 when compared to doxorubicin treated or untreated dogs. Moreover, it also demonstrates that treatment effect on recurrence and survival time depended on the histological type of the thyroid cancer.
